Abstract-Prosthetic knees are a vital component in an artificial limb. Contemporary knees include passive (mechanical), adaptive (computerized), or active (motorized) control systems and have the potential to mitigate amputation-related functional impairments and activity limitations. A 14 mo randomized crossover trial was conducted. Participants (n = 12, mean age = 58 yr) were tested under three conditions: passive control (existing knee), adaptive control (Ossur Rheo Knee II), and active control (Ossur Power Knee II). Training and acclimation time were provided to participants in the adaptive and active knees. Outcome measures included indoor tests (Timed Up and Go test [TUG], stairs, and ramp), outdoor tests (walking course and perceived exertion), step activity monitor, self-report surveys (mobility, balance confidence, physical function, fatigue, and general health), and fall incidence. Mixed-effects linear regression modeling was used to evaluate data. Compared with passive control, adaptive control significantly improved comfortable TUG time (difference = 0.91 s, p = 0.001) and reported physical function (difference = 1.26 [T-score], p = 0.03). Active control significantly increased comfortable TUG, fast TUG, and ramp times (difference = 3.02, 2.66, and 0.96 s, respectively, all p < 0.03) and increased balance confidence (difference = 3.77, p = 0.003) compared with passive control. Findings suggest that adaptive knee control may enhance function compared with passive control but that active control can restrict mobility in middle-age or older users with transfemoral amputation.
INTRODUCTION
Transfemoral amputation (TFA) involves significant loss of functional anatomy, including lower-limb structures (bones, joints, and muscles) vital to performing bipedal activities and participating in a wide range of life activities. Although individuals with TFA often receive a prosthesis (i.e., artificial limb) to replace amputated or absent anatomical structures, notable functional deficits remain. Specifically, TFA has been associated with decreased balance [1] [2] [3] [4] [5] ; increased metabolic energy expenditure while walking [6] [7] [8] [9] ; decreased walking speed [7, [10] [11] ; increased frequency of stumbles and falls [12] [13] ; reduced activity level [14] [15] [16] ; and difficulties negotiating uneven terrain, hills, and stairs [17] [18] [19] [20] . These physical impairments and functional limitations likely contribute to the reduced health-related quality of life (HRQOL) [21] [22] [23] [24] reported by people with TFA compared with nonamputee (nondisabled) norms [25] [26] . Interventions capable of addressing the challenges inherent to proximal lower-limb amputations are therefore much desired and are considered vital to the rehabilitation of individuals with TFA.
A key element in the design and function of a TFA prosthesis is the prosthetic knee. Functional behavior of the knee is primarily determined by its control system, which may be described as passive, adaptive, or active [27] . Passive control systems regulate knee movement using mechanical friction or fluidic flow control. Many prosthetic knees incorporate a mechanical-fluidic control system that allows or restricts flow through a hydraulic or pneumatic cylinder [28] [29] . Adaptive control systems use a computer and data from intrinsic sensors to constantly and rapidly change the knee's resistance to flexion and extension [27] . Most contemporary microprocessorcontrolled prosthetic knees include systems that adaptively control the flow of pneumatic and/or hydraulic fluids or change the viscosity of magnetorheologic (MR) fluids working in shear mode [30] . Active control systems use an electromechanical motor to regulate motion and position of the knee joint [27] . Only one commercially available knee unit currently uses an active control system [31] [32] [33] , although others are in development [34] [35] [36] and may soon be available to end users.
Adaptive and active prosthetic knee-control systems offer the potential to mitigate many of the functional challenges associated with use of a passive TFA prosthesis. Active prosthetic knee systems may be of particular advantage to older individuals or to those with lower functional capabilities because such individuals may lack the strength and/or muscular control necessary to effectively use a passive prosthetic knee. Adaptive microprocessor-controlled prosthetic knees have been well studied, and their use has been associated with a variety of functional benefits when compared with use of passive mechanical-control prosthetic knees [37] , including improved balance [38] ; increased walking speeds [39] [40] [41] [42] ; decreased daily metabolic energy expenditure [43] ; improved ability to negotiate stairs [42, [44] [45] , hills [44] [45] , and uneven terrain [42, [44] [45] [46] ; and reduced frequency of falls [42, [44] [45] . Active knee systems have received comparably less attention in the scientific literature, but are purported to improve users' ability to rise from a chair (i.e., sit-to-stand) [33, 47] , ascend steps and slopes [31] [32] [33] , walk long distances [33] , and walk over uneven terrain [32] , as well as limit the frequency of falling [32] . Further, use of an active prosthesis is believed to enhance function among individuals who may be limited in their safe and effective use of a passive prosthesis [32] .
Although much is known about the performance of prosthetic knee systems, additional research is needed. A key limitation to the existing adaptive knee literature is that the majority of findings to date have been based on a single model (i.e., Ottobock C-Leg) (Ottobock; Duderstadt, Germany) that uses a specific microprocessorcontrolled hydraulic control system [37] . Other adaptive or active knee technologies, such as the MR system present in the Össur Rheo Knee II (Össur hf; Reykjavík, Iceland), or the harmonic drive system present in the Össur Power Knee have not been well studied, with a few notable exceptions [39, [47] [48] [49] [50] [51] . These prior studies have primarily focused on evaluation of laboratory-based biomechanical outcomes (e.g., kinetics and kinematics) and have not directly evaluated users' functional outcomes over longer periods.
The purpose of this study, therefore, was to assess and compare physical performance and self-reported outcomes that may be attributed to use of prosthetic knees with passive, adaptive, and active control in persons with unilateral TFA. Specifically, we were interested in evaluating the effects of different knee technologies on middle-age or older individuals. We hypothesized that use of knees with active and adaptive control would significantly improve functional outcomes (i.e., walking performance on level terrain, stairs, inclines, and uneven terrain and step activity) and self-reported outcomes (i.e., mobility, balance, physical performance, fatigue, exertion, concentration, health, and quality of life) compared with use of knees with passive control systems. Further, we hypothesized that performance of functional activities that include tasks that are generally achieved through active knee extension (e.g., sit-to-stand, ramp ascent, stair ascent, and distance walking) would be significantly improved when users wear a prosthesis with an active knee-control system compared with an adaptive knee-control system.
METHODS

Study Participants
Healthy, experienced prosthetic limb users were recruited to participate in the study. Selection criteria were applied to elicit participation from a relatively homogenous population. Inclusion criteria for participants were age 45 to 75 yr (i.e., middle age or older, as classified by the U.S. Census Bureau [52] ), weight <275 lb (125 kg), unilateral TFA, nonvascular amputation etiology, amputation at least 2 yr prior to the study, and classification by the study prosthetist as an unlimited community ambulator (i.e., Medicare Functional Classification Level [MFCL] or K-level of 3) [53] . Participants were also required to have a healthy residual limb with stable limb volume, as evidenced by use of an unmodified prosthetic socket for at least 6 mo prior to the start of the study. Lastly, participants were required to own, and use daily, an endoskeletal prosthesis with a comfortable socket and a passive, non-microprocessor-controlled prosthetic knee. Exclusion criteria included other major limb amputations (i.e., arms or contralateral leg), open wounds or sores on the residual limb, complete reliance on an assistive device for ambulation (i.e., the individual required a cane or walker to safely ambulate indoors), or an expected change to the prosthetic prescription (e.g., socket replacement) within the next 15 mo.
Candidate participants were recruited using informational flyers posted at prosthetic clinics and hospitals in the greater Puget Sound area (i.e., Seattle, Washington, and surrounding areas). Interested individuals were first screened by telephone for basic selection criteria (e.g., age, amputation level, etiology). Eligible candidates were then evaluated in person by the study prosthetist to confirm eligibility and verify their ability to perform the test measures.
Study Design
A longitudinal, randomized crossover trial was conducted to test the developed hypotheses (Figure 1) . Study participants were studied over a period of 14 mo under three different prosthetic knee conditions (i.e., passive, adaptive, and active control). The study included four phases termed Baseline 1, Intervention 1, Baseline 2, and Intervention 2. When in the baseline phases of the study (i.e., Baseline 1 or 2), participants wore a prosthesis (i.e., an artificial limb that includes a socket, knee, pylon, foot, and necessary connectors) with their existing passive control prosthetic knee. Details of the test prostheses are provided subsequently (see "Knee Conditions" and "Procedures"). When in the intervention phases (i.e., Intervention 1 or 2), participants wore a prosthesis with an adaptive or active control knee. Participants were randomly assigned to one of two wear protocols (i.e., passive-adaptive-passive-active or passive-active-passiveadaptive). The length of the baseline and intervention phases differed. Given participants' prior experience with passive knee control, baseline phases were only 1 mo in duration. Intervention phases were scheduled to be 6 mo in duration (i.e., 1 mo of training and 5 mo of assessment) to allow participants time to acclimate to the adaptive and active control systems.
Knee Conditions
Participants were tested under three distinct prosthetic knee conditions (i.e., passive, adaptive, and active knee control). The exact model of knee used in the passive knee condition was determined by the knee that each participant had in his prosthesis when the study began. Passive control knees therefore varied among participants, but were represented by knees with hydraulic or pneumatic control systems, as these knees are typically prescribed for individuals classified as MFCL 3. The prosthetic knees used in the adaptive and active knee conditions were standardized. Participants were all provided with an Össur Rheo Knee II knee when they were in the adaptive knee condition. The Rheo Knee II uses data from intrinsic position, force, and torque sensors (sampled at 1,000 Hz) to control an MR brake [30, 48] . The Rheo Knee II control system rapidly and automatically adjusts the MR brake to change the knee's resistance to flexion and extension in response to sensed information. The Rheo Knee II weighs 3.4 lb (1.5 kg) and includes an integrated battery that typically lasts between 24 and 48 h. Participants were similarly provided with an Össur Power Knee II when they were in the active knee condition. The Power Knee II uses torque and acceleration sensors to control a harmonic drive motor [32] . The motor provides resistance to flexion as well as powered extension of the knee joint. The Power Knee II weighs 7.1 lb (3.2 kg) and includes a removable battery that typically lasts between 5 and 7 h under normal use. All participants were provided with two Power Knee II batteries when in the active knee condition. The manufacturer's name and logo were removed from the knees, batteries, chargers, and printed materials to blind participants to the knee condition to the extent possible over an extended period of use (Figure 2) . No information about the knees' commercial names or manufacturer was provided to study participants.
Procedures
Enrolled participants were interviewed by the study prosthetist to obtain demographic and health information including sex, weight, date of birth, date of amputation, amputation etiology, MFCL, and Socket Comfort Score (SCS) [54] . The prosthetist also performed a physical evaluation to document the participant's residual limb length and current prosthetic knee. Participants were each fitted with a new prosthetic pylon and foot (Össur VariFlex) to mitigate influences of dissimilar componentry across the study sample. Participants were instructed to wear their prosthesis with the Vari-Flex foot for 1 wk prior to data collection to allow for acclimation to the new foot. As evidence to guide appropriate time for accommodation to a new prosthetic foot is limited [55] , a recommendation by the study prosthetist was used to select the length of the accommodation period. Participants' original sockets were used across all conditions. Fit and alignment was optimized, as needed, by the study prosthetist after the Vari-Flex was integrated into the Active and adaptive knees were blinded to extent possible by removing manufacturer's name and logo from knees and any accessories or informational materials provided to study participants.
prosthesis or when participants changed knee conditions. Adjustments to fit or alignment were only needed during the training periods. No adjustments were required or made during the periods of data collection presented in this article. Fitting the intervention knees also included new endoskeletal componentry (e.g., offset adaptors), as needed, to ensure proper fit and function of the prosthetic knees. An activity monitor (StepWatch 3) (Orthocare Innovations; Mountlake Terrace, Washington) was also attached to each participant's prosthetic ankle, according to the manufacturer's instructions. Participants were required to demonstrate the ability to walk across a variety of terrain types (e.g., level hall, level carpet, stairs, and ramp) and report the ability to safely use the prosthesis prior to leaving the laboratory.
Participants returned to the laboratory to be evaluated regularly throughout the study. Outcomes were assessed weekly when participants were in baseline phases (Baseline 1 and 2) and monthly when they were in the intervention phases (Intervention 1 and 2). Biweekly training sessions and weekly evaluations were also conducted during the first month of both intervention phases to facilitate participants' use of adaptive and active knee-control systems. All participants were provided training to use the knees. A standardized fitting and training protocol was developed in collaboration with the knees' manufacturer (Össur) and included approximately 16 total h (i.e., 4 h/wk for 4 wk) of instruction and practice accomplishing routine tasks (e.g., sit-to-stand, stand-to-sit, stair ascent, stair descent, ramp ascent, ramp descent, and walking over uneven terrain). Training was not explicitly provided to users in the passive knee, as training is typically provided by prosthetic users' normal prosthetist and/or physical therapist. Training provided in this study was specific to the adaptive and active knees and meant to familiarize users with the features of the knee.
Participants were allowed to keep an intervention knee at the end of the study. Participants were allowed to keep the knee if they had learned to use it (i.e., if they had completed a portion of the study while wearing the knee in their prosthesis) and experienced similar or better outcomes compared with their existing knee. Participants were not allowed to keep the knees if they experienced worse outcomes. To mitigate bias of the study results, participants were not informed that they would be allowed to keep either knee prior to completion of the study.
Study Measures
A suite of outcome measures was developed to assess participants' physical performance, activity, and selfreported physical function, fatigue, HRQOL, mobility, balance, and satisfaction. Both common, standardized instruments and ad hoc instruments were included in the measurement suite. Outcome measures were administered in a standardized order by a single investigator. Upon arrival at the laboratory, participants were seated and the step activity monitor was removed. Participants were administered self-report measures while step activity data were downloaded. Upon completion of the surveys, participants were administered the in-laboratory performance measures, and data were collected on paper forms. Participants were allowed to rest, as needed, between physical performance tests. Lastly, participants were asked to complete an outdoor walking test. Overall, each assessment lasted 1-2 h, depending on the participants' survey time, walking speed, and length of rest periods. Details of the administered measures are provided here.
Physical Performance Measures
Objective measures of physical performance were selected and developed to evaluate participants' ability to negotiate typical environmental barriers, such as stairs, ramps, and uneven terrain. Physical performance measures were administered by the study prosthetist. Participants were provided standardized verbal instructions that included "When I say go, I would like you to [specific details of the test], please walk at a normal comfortable pace." For all performance measures, time to completion was measured to the nearest one hundredth of a second using a SportCount Chrono 100 stopwatch (Bethesda, Maryland) . Participants were allowed to use an assistive device (e.g., cane) during all performance tests as needed. Participants were guarded by a study investigator at all times. However, participants completed all assessments without assistance from investigators.
Timed Up and Go Test. The Timed Up and Go test (TUG) is a basic skills test designed to assess aspects of balance, gait, and physical function [56] . Although the TUG was originally developed for elderly patients, it has shown good reliability and acceptable validity when used with persons with lower-limb loss and has been recommended for use in routine clinical practice and research [56] [57] [58] . The TUG has been previously administered both at comfortable and fast walking speeds [59] . This test measures participants' ability to rise from a chair, walk 3 m, turn around, return to the chair, and return to a seated position. In this study, participants were asked to perform the TUG twice. Participants were first asked to complete the test at a comfortable speed (TUG-Comf). Next, they were asked to complete the test as quickly and safely as possible (TUG-Fast).
Timed Stair Test. The Timed Stair Test (TST) is a custom test developed to assess participants' ability to ascend and descend stairs. A 36 in.-wide, 6-step staircase (Amramp; South Boston, Massachusetts) with closed risers (7 in. high), slip-resistant treads (12 in. deep), and bilateral handrails was constructed for this assessment. The staircase was designed to conform to Americans with Disability Act Standards for Accessible Design [60] . Each participant started the stair assessment standing on a line 2 m in front of the base of the staircase. Participants were asked to walk forward, ascend the stairs, turn around at the top of the stairs (a 48 × 96 in. platform), descend the stairs, and return to the starting position. The stopwatch was started and stopped as the participant crossed a line of tape located 1 m in front of the stairs. Timing from this location was chosen to mitigate the effects of acceleration and deceleration. Similar timed stair tests have been used by other investigators to study performance, although numbers of steps, size of steps, and location of handrails varied across studies [61] [62] [63] .
Timed Ramp Test. The Timed Ramp Test (TRT) is a custom test developed to assess participants' ability to ascend and descend a ramp. A 36 in.-wide, 14 ft-long ramp (Amramp) with a 15° grade and bilateral handrails was constructed for this assessment. A 15° grade was selected to create a challenging physical test that is similar to situations participants may encounter outside of the laboratory (e.g., steep ramps). As with the TST, participants started the assessment standing 2 m in front of the ramp. They were asked to walk forward, ascend the ramp, turn around on the platform, descend the ramp, and return to the starting position. The stopwatch was similarly started and stopped as participants passed over a tape line 1 m in front of the ramp.
Obstacle Course. A standardized outdoor obstacle course (OC) was created by the investigators to measure participants' ability to ambulate outdoors. The OC was intended to challenge participants in activities and situations that were likely to be encountered in the community (e.g., a park). The OC was about 0.5 mi (880 m) in length and included a variety of terrain conditions, including concrete, asphalt, dirt, grass, bark chips, and packed dirt. The OC in this study was longer than indoor [64] or outdoor [42, 44] OCs used previously to study outcomes among prosthetic knee users. However, 84 percent of lower-limb prosthesis users report regularly walking outdoor distances of 0.6-1.2 mi (1-2 km) [65] . Further, it is estimated that people with TFA aged 45 to 75 yr are 60 to 90 percent likely to be capable of walking distances of 500 m or more [66] . Thus, the developed OC was deemed challenging, but suitable for the purposes of this study. The course included level ground, uneven terrain, slopes (up to a 19° grade), and stairs. The OC required participants to walk in a straight path, turn both directions, and ascend and descend slopes and stairs. Marker flags were placed along the course to ensure participants walked the same path each time. Participants were asked to walk the course at a comfortable pace. To mitigate the effects of fatigue from prior tests, all participants were brought to the course starting point in a wheelchair and allowed to rest as long as needed. Upon completion of the OC, participants were immediately asked to selfreport, using a visual analog scale (VAS), their level of physical exertion (VAS-P, range 0-100) and the Borg Rating of Perceived Exertion (RPE) centimax (CR100) scale (range 0-120) [67] . Participants were also asked to rate their level of concentration or mental exertion walking the OC using a VAS (VAS-M, range 0-100). VASs are commonly used to measure subjective aspects of health (e.g., pain, fatigue) in health surveys [68] . Here, questions were posed to participants as, "Please rate the level of exertion/concentration you required to complete the obstacle course." Scales were anchored by the descriptors "no exertion/concentration required" and "maximal exertion/concentration required." Activity Monitor. The StepWatch 3 activity monitor was selected to measure participants' activity over the duration of the study. The StepWatch 3 records the number of steps taken by the wearer in 1 min increments for periods of up to 60 d. The StepWatch 3 has excellent evidence of measurement reliability and validity across patient populations, including persons with limb loss [69] [70] . Data from the activity monitor was downloaded to a laptop computer at each assessment, according the manufacturer's instructions.
Step activity data were processed using the StepWatch 3.1 software. Mean daily steps over nontest days were used in this analysis. Test days were removed from the analysis to mitigate the influence of travel to the laboratory and performance testing on participants' activity.
Self-Report Measures
Several standardized self-report outcome measures were included in the measurement suite to assess the participants' perspectives on their physical function, fatigue, HRQOL, mobility, and balance. Self-report measures were administered by paper survey or iPad tablet computer (Apple; Cupertino, California), according to the participant's preference. Computer-administered surveys were created using WebQ open-source survey software hosted at the University of Washington. A total of 62 questions were administered in the survey. Surveys generally required about 10 min to complete.
Patient-Reported Outcomes Measurement
Information System. The Patient-Reported Outcomes Measurement Information System (PROMIS) is a collection of self-report measures that span a variety of health domains [71] . PROMIS instruments were rigorously developed using modern measurement theory to overcome psychometric limitations inherent to many selfreport surveys (e.g., floor effects, ceiling effects, poor sensitivity to change) [72] . PROMIS measures were extensively tested with nondisabled individuals and multiple disease populations [73] , including people with limb loss [74] . PROMIS instruments produce a T-score that is centered on the U.S. general population mean of 50 with a standard deviation (SD) of 10. The PROMIS-Physical Function (PROMIS-PF), Fatigue (PROMIS-FAT), and Global Health (PROMIS-GH) surveys were administered in this study.
PROMIS-Physical Function.
The PROMIS-PF item bank includes 124 items that assess respondents' capacity to perform physical tasks or activities using a 5-point ordinal scale [71, [75] [76] . Because PROMIS items are individually calibrated, custom short forms can be developed and the resulting T-scores remain directly comparable to Tscores obtained from the entire bank [77] . Custom short forms may also be more sensitive to measuring a targeted sample than generic short forms. A custom 15-item physical function short form (Appendix, available online only) and scoring table were therefore developed for this study under guidance from a PROMIS investigator. Items selected emphasized situations in which a prosthetic knee would likely affect function.
PROMIS-Fatigue.
The PROMIS-FAT item bank includes 95 items that assess respondents' symptoms of fatigue and their resultant effects on respondents' ability to carry out daily activities [71, 76] . Fatigue items use 5-level response categories and prompt respondents to reflect back over the prior 7 d period. The PROMIS-FAT 7-item short form was administered in this study.
PROMIS-Global Health. The PROMIS-GH short form contains 10 items that assess respondents' overall health [78] . Items include questions from five PROMIS domains (i.e., physical function, fatigue, pain, emotional distress, and social health) as well as items that span some or all of these domains. The PROMIS-GH produces two summary scores-one for physical health (PROMIS-G-PH) and one for mental health (PROMIS-G-MH). PROMIS-GH measures were included in this study to assess the effects of knee control on overall health and quality of life. We also used the PROMIS-GH for monitoring purposes to identify whether participants experienced global changes in their health that may have positively or negatively affected outcomes measured in this study.
Prosthesis Evaluation Questionnaire-Mobility
Scale. The Prosthesis Evaluation Questionnaire-Mobility Scale (PEQ-MS) is a self-report measure of prosthetic mobility for persons with lower-limb loss [79] . The PEQ-MS was first developed as a 13-item measure with items from both the Ambulation and Transfer subscales of the Prosthesis Evaluation Questionnaire [80] . The PEQ-MS was subsequently revised to a 12-item scale with 5-level ordinal response options using Rasch analysis. Items are individually scored from 0 to 4 and summed to create a PEQ-MS score that ranges from 0 to 48. The developers showed that the PEQ-MS has evidence of reliability and validity when used with persons with lower-limb amputation [81] . Activities-Specific Balance Confidence Scale. The Activities-Specific Balance Confidence scale (ABC) is a measure of perceived balance that was developed to assess balance in the elderly [82] . The ABC includes 16 items, each scored from 0 to 100 percent. An average percentile score is reported. The ABC has been used in both 101-level [4, [83] [84] [85] and 5-level [86] forms to study balance confidence in persons with lower-limb loss. The ABC shows good evidence of reliability and validity among persons with lower-limb loss [85] [86] .
Falls. Participants were asked at each visit to selfreport the number of falls they had experienced over the previous 7 d. Falls were defined for participants as "an unexpected event in which you lost your balance and landed on the ground, floor, or another lower level" [87] . If one or more fall events had occurred, participants were asked to elaborate on the situation or describe the fall context.
Data Preparation
Data collected on standardized paper forms (i.e., physical performance measures) were independently entered into an MS Access database (Microsoft; Redmond, Washington) by two different investigators. Double-entry has been shown to reduce data-entry errors by an order of magnitude [88] . Data were verified and reconciled, if needed, prior to analysis. Data obtained electronically (e.g., self-report and step activity data) were imported directly into the database. Summary scores, where indicated, were derived in accordance with outcome measure developers' instructions [76, 81, 86, [89] [90] . All summary score calculations were independently verified by two investigators to ensure accuracy. Scored data were provided to a third investigator, who was blinded to the interventions, for analysis. Data distributions from all outcome measures were inspected before analysis to guide selection of appropriate statistical methods.
Statistical Analysis
Statistical methods were selected that used all available longitudinal data (i.e., participants' data were included in statistical models even if study participants were unable to or elected not to complete the study per the original protocol). Mixed-effects linear regression modeling was employed to evaluate the effects of the active, adaptive, and passive knee control on measured outcomes. A mixed-effects model was selected because it can account for the correlations among repeated measurements that may otherwise lead to overly conservative p-values during statistical hypothesis testing. Moreover, mixed-effects models can maximize power by accounting and adjusting for the within-participant correlations often present in studies with smaller sample sizes [91] .
The mixed-effects model was composed of random effects (i.e., individual participants) and fixed effects (i.e., time and knee). Marginal (i.e., model predicted) means in the measured outcomes were derived from the model by phase (i.e., baseline or intervention) and type of intervention knee control (i.e., active or adaptive). Given the complexity of the longitudinal randomized crossover study design, we assessed and controlled for multiple potentially biasing effects (i.e., order, practice). Differences in marginal means between each pair of knee conditions (i.e., active vs passive, adaptive vs passive, and active vs adaptive) were evaluated in terms of magnitude and statistical significance.
The largely dichotomous nature of the falls data (i.e., most subjects reported one or no falls during each observation period) did not lend itself to the linear mixedmodel approach used for other performance-based and self-report outcome measures. Instead, the total number of falls per total number of (7 d) observation periods was calculated and reported for each knee condition.
All statistical analyses were conducted with Stata/IC 12.1 (StataCorp LP; College Station, Texas). Thresholds for statistically significant differences were set a priori to 0.05.
RESULTS
Forty individuals with TFA expressed interest in participating in the study and were screened by telephone. Nineteen people met the basic study selection criteria and were invited for in-laboratory screening. Twelve people met the complete study selection criteria and elected to participate in the study. Table 1 presents a detailed demographic and anthropometric description of the participants enrolled in the trial. All study participants were male, with ages ranging from 49 to 63 yr (mean ± SD = 58.8 ± 6.1). All participants reported TFA due to trauma (83.3%) or tumor (16.7%), with time since amputation ranging from 4 to 44 yr (mean ± SD = 28.9 ± 12.5).
Three participants completed the study (i.e., two baseline and two intervention phases) per protocol. Seven additional participants completed at least one baseline and one intervention phase per protocol. Participants that did not complete both intervention phases (n = 7) either requested early transition from the knee with the active control system to a subsequent baseline phase (n = 4) or voluntarily withdrew from the study (n = 3). Not all participants provided reasons for their request to transition early to the adaptive knee or withdraw from the study after use of the active knee. Reasons provided by those participants who provided feedback included knee weight, knee noise, back pain attributed to use of the knee, unexpected knee behavior (e.g., extension), and challenges getting the knee to enter various modes of operation (e.g., sitting, stair climbing, kneeling). There were no significant differences in weight, age, time since amputation, SCS, or limb length (p > 0.05 across all variables) between participants who wore the knee with active control for at least 1 mo and those who requested early transition or withdrew from the study. Two participants were withdrawn from the study by the investigators-one participant after experiencing a medical condition that prohibited continued participation in the study and another because of noncompliance with the evaluation schedule. All data collected from study participants were used to conduct the described analyses ( Table 2) .
Outcomes associated with laboratory-based performance tests (i.e., TUG, TST, and TRT) were differentially affected by knee-control system ( Table 3) . Participants' performance-based outcomes were generally unchanged in the knee with adaptive control compared with passive control, with two notable exceptions. Participants' TUGComf and TRT times were significantly reduced (difference = 0.91 s, p < 0.001) and increased (difference = 0.90 s, p = 0.02), respectively, in the adaptive control condition. This indicates that while participants completed the TUG-Comf quicker with adaptive control than with passive control, they required more time to ascend and descend the ramp. Performance of laboratory-based tests was generally impaired when participants used the knee with active control. Participants showed significantly increased TUG-Fast (difference = 3.02 s, p < 0.001), TUG-Comf (difference = 2.66 s, p < 0.001), and TRT (difference = 0.96 s, p = 0.03) times with active compared with passive control. This suggests that participants required more time to complete all laboratory-based walking tests, except for the TST, in the motorized knee. Comparison between the active and adaptive conditions also showed significant differences in TUG-Fast and TUGComf times (difference = 3.24 and 3.56 s, respectively, p < 0.001), suggesting basic mobility (as measured by the TUG) was enhanced with adaptive control.
Outcomes associated with out-of-laboratory walking ability (i.e., OC, VAS-P, VAS-M, RPE, and step activity) were not largely affected by knee-control system ( Table  4) . No significant differences in OC time or self-reported exertion (physical or mental) were identified between the studied knee conditions.
Step activity in the active knee condition, however, was significantly limited compared with the passive knee (difference = 262 steps, p = 0.058) and adaptive knee (difference = 459 steps, p = 0.01). This suggests that participants took approximately 12 and 20 percent fewer steps in the active knee each day, compared with the passive knee and adaptive knee, respectively.
Few differences in self-report outcomes were observed between the knee conditions ( Table 5 ). Participants Table 1 . Demographic and anthropometric description of study participants. All participants were male. All participants experienced amputation due to trauma, except for participants 4 and 11 who experienced amputation due to tumor.
--SCS = Socket Comfort Score, SD = standard deviation. Table 2 . Data collected by participant, in months and number of observations. "0 mo" of data collection indicates participant did not use knee in that phase of study (e.g., participant withdrew from study prior to entering that phase). "<1 mo" indicates participant was fit with knee but elected to terminate participation in that phase of study (or study entirely) before data were collected. Obs = observations. reported significantly higher physical function (difference = 1.26, p < 0.03) after transitioning to a knee with adaptive control from passive control. This suggests that overall daily function was improved with adaptive control. Participants also reported significantly improved balance confidence (difference = 3.77, p = 0.003) moving from passive control to active control. This indicates participants felt more confident in their ability to safely perform basic daily activities when wearing the motorized knee. No significant differences in fatigue, mobility, physical (global) health, or mental (global) health were found between any of the studied knee conditions. Participants' number of reported falls appeared to be negatively affected by both active and adaptive control systems ( Table 6) . Fall rates (i.e., number of falls per week of observation) in the passive knee condition ranged between 9 and 10 percent. After transition to the adaptive and active knee conditions, fall rates increased to 20 and 40 percent, respectively. This suggests that participants (across the sample) fell 2-4 times as frequently while wearing the knees with adaptive or active control. As noted, no statistical analysis of the falls data was performed.
Participant Number
Mo of Data Collected
Eight participants were offered the opportunity to keep the knee with active control or the knee with adaptive control after the study was complete. All eight opted to keep the knee with adaptive control in their primary prosthesis.
DISCUSSION
This study was designed to evaluate and compare outcomes associated with three different prosthetic kneecontrol systems (i.e., passive, adaptive, and active) in persons with TFA. The knees included in this study are based on three fundamentally different technologies. Knees with passive control, like those used during the baseline phases of the study, offer mechanical (or fluidic) Table 4 . Out-of-laboratory performance-based outcomes (and self-report outcomes related to OC) by phase and knee condition. OC = obstacle course, RPE = Borg Rating of Perceived Exertion, SE = standard error, VAS = visual analog scale, VAS-M = VAS mental exertion, VAS-P = VAS physical exertion. resistance to knee flexion or extension that is preset by the user's prosthetist [30] . Knee resistance to flexion and/ or extension may change slightly based on the user walking speed (because of the speed-dependent properties of hydraulic and pneumatic fluids), but the general behavior of the knee will remain constant. Knees with adaptive control, such as the Össur Rheo Knee II used in the intervention phases of .7) 12/58 (20.7) this study, constantly adjust knee resistance to flexion and extension, based on data obtained Table 6 . Self-reported falls by phase and knee condition. Falls are presented as ratio of total number of falls over total number of observation periods. (Note: each fall observation period is 7 d in length). from intrinsic physical sensors. As such, knees with adaptive control systems can adapt their behavior to be more responsive to a user's instantaneous needs. Knees with active control, such as the Össur Power Knee II, are also adaptive in that they utilize data from sensors to dictate knee behavior. The active control system can additionally flex or extend the knee under power to facilitate standing, sitting, and moving [32] . Given the increasingly sophisticated technologies in these knees (going from passive to adaptive to active control), user outcomes, such as mobility, physical function, activity, balance, and safety were expected to progressively improve as users transitioned from a "lower" technology (i.e., passive knee control) to a "higher" one (e.g., adaptive or active knee control).
Outcome
In general, results of the study do not support the hypotheses that active and adaptive knee control significantly improve physical performance and self-report outcomes among middle-age or older people with TFA compared with passive knee control. Hypotheses were confirmed only in regards to select outcomes. For example, the adaptive knee was found to significantly improve both TUG-Comf performance and participants' perception of their physical function when compared with passive knee control. Other outcomes were not significantly affected by the transition from passive to adaptive knee control. Participants reported significantly improved balance confidence when using the active knee, but experienced significantly worse physical performance on the TUG and TRT. Other outcomes were not significantly affected. Also contrary to hypotheses, the active knee did not significantly improve physical performance in activities that normally require, and would likely benefit from, the positive knee work provided by the active control system (e.g., sit-to-stand, ramp and stair ascent, and distance walking). Ultimately, all participants who completed the study elected to keep the knee with adaptive control in their prosthesis. This may suggest that users benefited from adaptive control in ways that were not detected by measures included in this study.
Laboratory Performance Outcomes
Physical performance measures are often used as tools to evaluate individual performance in a controlled setting such as a clinic or laboratory. [56] [57] . TUG times measured in this study were much lower than those reported by Schoppen et al., as the sample here included participants who were younger (i.e., 59 yr in the current study vs 72 yr in Schoppen et al.'s study) and had acquired amputations from different etiologies (i.e., 100% from nondysvascular causes in the current study vs 100% from dysvascular disease in Schoppen et al.'s study [57] ). TUG times in our study were more similar to those obtained by Coelho and colleagues from younger participants with TFA (mean TUG times = 12.7-13.3 s, mean age = 44 yr) [92] .
In general, overall performance of the TUG was enhanced in the knee with adaptive control and significantly diminished in the knee with active control compared with the passive control condition. Improved TUG performance with the adaptive control knee is consistent with studies that have shown improved walking speed [39] [40] [41] [42] and postural stability [38] with use of adaptive microprocessor-controlled knees. In context with these findings, it may be that adaptive control facilitates comfortable level-ground walking without significantly restricting sit-to-stand movements. Future research with an instrumented TUG [93] may reveal which subtasks (e.g., sit-to-stand, walking, turning, and stand-to-sit) are most affected by adaptive knee control. Reduced TUG times in the active compared with the passive conditions appear to conflict with reports of increased knee power provided by the Power Knee II reported by Wolf and colleagues [51] . However, data here are corroborated by our participants' spontaneous reports that they were often unable to activate the sit and/or stand functions in the Power Knee II. Thus, in a timed test like the TUG, participants likely had to make multiple attempts to activate the knee mode or they were required to bypass flexing/ extending the active knee and using their sound leg to lower/raise their body. Both situations were observed by the investigators during performance testing. These data collectively suggest that, while a motorized knee effectively provides active extension, it may not be optimally activated or timed to enhance performance of normal sitto-stand activities.
Stair performance showed no significant differences among the knee conditions in this study. Similar stair times between participants in the active and adaptive knee conditions are consistent with results reported by Wolf and colleagues, who observed equivalent stair ascent and descent speeds on a 16-step staircase between the Power Knee and the Ottobock C-Leg, a prosthetic knee with an adaptive, hydraulic controller [94] . Conversely, similarities in stair times between the adaptive and passive knee conditions here are in contrast to prior studies that assessed stair function in C-Leg and passive knee users [42, [44] [45] . A key difference between the present study and prior studies was a focus on gait performance (i.e., time), rather than quality of movement. Given differences in reported results, it may be that users' quality of stair negotiation (i.e., stepping pattern and use of rails for assistance) improves with use of adaptive knee control, but the time required to perform the task remains effectively unchanged. It could be argued that improved gait quality is more desirable than raw speed of stair ascent/descent. However, there may be situations (e.g., negotiating stairs in theaters or sports stadiums) in which speed is an important factor. In the future, investigators may consider combining timed stair tests with measures of gait quality, such as the Stair Assessment Index [44, 95] , to isolate issues of performance and movement quality.
Interestingly, ramp performance was limited in both active and adaptive knee conditions when compared with participants' passive knees. Results in the adaptive condition contrast a recent study by Highsmith et al., who reported significantly faster ramp (i.e., 16 ft [4.9 m], 5° incline) descent speeds among C-Leg users compared with their previous passive knees [96] . A potential explanation for this discrepancy may be that the TRT used here assessed both stair ascent and descent, whereas Highsmith et al.'s study included only ramp descent. However, as a recent study by Wolf and colleagues showed that ramp ascent and descent speeds on a 19 ft (5.75 m), 12° incline were comparable among adaptive and active knee users [94] , such an explanation seems unlikely. Another potential reason for differences may be the greater ramp pitch (i.e., 15° incline) used in this study. Similarities in ramp performance times between adaptive and active conditions in the present study also confirm those of Wolf and colleagues, who found no significant differences in ramp ascent or descent speeds between the Power Knee and C-Leg [94] . Thus, it may be that adaptive or active knees may similarly restrict users when walking down steeper inclines. Additional research is needed to explore this possibility as the investigators also observed that users' overall quality of gait in using the ramp generally improved (i.e., more symmetrical stepping pattern and less use of rails for assistance) in the adaptive condition compared with the passive knee condition. Thus, trade offs between motion quality and performance may explain participants' limited TRT performance.
Out-of-Laboratory Performance Outcomes
Both indoor [46, 64] and outdoor [42, [44] [45] OCs have been used by researchers to examine the effects of knee-control system on walking performance. Here, a 0.5 mi (880 m) course was used to challenge participants walking abilities over an extended duration and over a wide range of terrain types. Compared with the OC used in this study, previous prosthetic knee intervention studies have used outdoor courses that were shorter (i.e., 125-240 ft [3873 m]) and correspondingly included less diverse terrain conditions [42, [44] [45] . Further, the selfreport measures of physical and mental exertion used here were not applied in prior studies. In contrast to significant changes in outdoor walking speed noted by previous authors [42, 45] when participants with TFA wore a knee with an adaptive control system, adaptive control in this study did not significantly alter participants' time to complete the walking course (nor did it reduce their perceived physical or mental exertion). Results here are more similar to findings reported by Linberg et al., who found no significant differences in 6 min walk distances in servicemembers who wore both microprocessor (adaptive) and nonmicroprocessor (passive) knees [97] . Thus, it may be that adaptive knee technology is more effective at facilitating walking over shorter distances (i.e., <250 ft [75 m]) than walking longer distances (i.e., >0.5 mi [880 m]). More research would be needed to confirm this hypothesis or identify at what distance adaptive control may be unable to overcome the inherent limitations to walking with a functional disability like TFA. Interestingly, walking course time in the active knee condition was improved compared with the passive and adaptive conditions, although the measured differences were not statistically significant. As few participants were able to fully accommodate the knee with active control, additional research is warranted to determine whether motorized knees can improve long-distance walking.
Monitoring participants' with pedometers, accelerometers, or other sensors has been well established as a means for quantifying out-of-laboratory physical activity [98] .
Step counting, which has been used to quantify activity across nondisabled and impaired populations, has also been applied to the evaluation of a variety of prosthetic components, including prosthetic knees [44] [45] 99] .
Step activity of participants in our study (1,942-2,204 steps/d) was similar to that reported by Stepien and colleagues (i.e., 2,284 steps/d) in a cross-sectional study of prosthetic limb users [15] . Participants were also similar in age (i.e., 59 yr in the current study vs 58 yr in Stepien et al.'s study) and etiology of amputation (i.e., 100% nondysvascular in the current study and 87% nondysvascular in Stepien et al.'s study). Although no significant differences were measured, results suggest that use of adaptive knee control may slightly increase activity while active knee control may restrict it. These findings for adaptive and passive control are consistent with those previously reported [44, 99] . However, activity has not been previously studied with motorized knees. Limited step activity in the active knee condition is unexpected, but is consistent with spontaneous reports from participants that the knee was generally challenging to use on a daily basis. Another reason for users' decreased activity may be the 7.1 lb (3.2 kg) weight of the active knee compared with 1.5-3.4 lb (0.7-1.5 kg) typical of an adaptive or passive knee. Although it has been proposed that that positive work generated by powered components offsets their increased weight [100] , several participants who elected to discontinue their participation in this study noted weight as one reason for their decision. Thus, despite clinical perceptions that active control of the prosthetic knee may enhance users' ability to walk long distances [33] , findings of this study suggest that neither active nor adaptive control systems greatly facilitate walking distances over a wide variety of terrain outdoors.
Self-Report Outcomes
Self-report outcomes are essential tools for soliciting participants' opinions, perspectives, and experiences. These instruments can be used to measure challenging, abstract, or multidimensional constructs like mobility, balance confidence, and overall health. Here, we applied several robust and reliable instruments that measured a range of health outcomes, including physical function (PROMIS-PF), fatigue (PROMIS-FAT), mobility (PEQ-MS), balance (ABC), physical health (PROMIS-G-PH), and mental health (PROMIS-G-MH) to assess the effects of the studied knee technologies. Both population-specific (e.g., PEQ-MS) and generic (e.g., ABC) measures were used.
Participants' overall mobility, as measured using the 12-item PEQ-MS (i.e., 2.89-3.09), was slightly above average (i.e., 2.83) for persons with TFA due to trauma [101] . Contrary to our hypotheses, knee condition appeared to have no significant effect on self-reported mobility. Knee control may therefore have little influence on self-reported mobility. As the PEQ-MS includes questions that relate to both transition (e.g., sit-to-stand) and ambulation (e.g., walking down a steep hill) activities [81] , it is also possible that a knee-control system may benefit users in a particular situation and limit them in others. For example, users may feel the adaptive knee aids them with sit-to-stand, as evidenced by the significant decrease in TUG-Comf times, but limits them in walking down a steep hill, as evidenced by the significant increase in TRT times compared with the passive knee. As both of these activities are questions in the PEQ-MS, the lack of observed differences in PEQ-MS scores across interventions may be due to offsetting perceptions of mobility in these various activities.
Balance confidence, as measured by the ABC (range 78-84), was notably higher in all knees in this study compared with average scores reported by Miller and colleagues (i.e., 62.9) for persons with TFA [85] . Higher ABC scores here are likely the result of the nondysvascular amputation etiologies reported by participants compared with mixed amputation etiologies studied previously. As anticipated, both adaptive and active kneecontrol systems positively affected balance confidence, although only active knee control showed a significant improvement compared with the passive knee condition. Interestingly, these data contrast reported falls. In combination, these data indicate participants experienced more frequent falls, despite their increased confidence in the active knee. This may suggest that increased confidence may have inspired users to attempt activities that resulted in a fall.
PROMIS instruments were used to evaluate physical function, fatigue, and general health (physical and mental). Both physical function and fatigue (i.e., range 42-43 and 46-48, respectively) among the studied participants were consistent with norms for persons with TFA from trauma (42 and 47, respectively) [74] . Perceived physical function was significantly improved with use of the adaptive control system, but unaffected with the active system. Conversely, reported fatigue was mitigated when participants wore the knee with the active control, but slightly elevated when the prosthesis included adaptive knee control. However, neither effect was significantly different from the knee with passive control. As anticipated, participants' overall physical and mental health was, on average, unchanged over the duration of the study. Thus, the type of knee control was likely responsible for changes observed in the study sample across the measured outcomes.
Falls
Falls are a serious health issue for many individuals with physical impairments, including those with TFA. More than two-thirds of people with TFA report experiencing a fall at least once per year [12, 102] . Further, injuries associated with falls are nearly twice as common in people with TFA than nondisabled elderly adults [12, [103] [104] . Therefore, interventions that may reduce risks of falls and associated injuries, such as advanced prosthetic knee technologies, warrant investigation.
Contrary to expectations, participants in this study reported an increased frequency of falling when wearing both adaptive and active knee systems compared with a knee with a passive control system. This finding is in contrast to other studies that have reported decreased falling with use of other adaptive prosthetic knee systems [42, [44] [45] . One possible explanation for this discrepancy is the type of prosthetic knee used in these studies. Previous studies used a knee with adaptive control of a hydraulic piston in contrast to the adaptive MR system and active motor system included in the knees in this study. It has been suggested that adaptive control of a (linear) hydraulic piston is inherently stable and may therefore resist knee collapse [30] . The adaptive system used in this study includes an MR shear mode system that can rapidly change resistance, but may not resist stumbles as effectively as a linear hydraulic system. An alternative explanation for the study results in contrast to prior studies may be differences in participant populations. Participants in previous studies were, on average, about 10 yr younger than those in this study [42, [44] [45] . It may be that older users do not benefit from the fall prevention technologies inherent to these knees or that they may require additional time to master the techniques necessary to use them.
Limitations
Potential limitations to this study include participant variations in the passive knee condition, reliability of selected outcome measures, blinding of investigators to the interventions, a relatively small sample size, and attrition of study subjects.
Participants were assessed in the baseline phases of the study while wearing their own prosthetic knees with a passive control system. While these knees are collectively classified as "passive" according to a recently proposed knee-classification system [27] , there are variations in the mechanical features of the passive knees used by study participants. For example, participants began the study wearing single-axis hydraulic (n = 6), polycentric hydraulic (n = 4), polycentric pneumatic (n = 1), and polycentric friction (n = 1) knees ( Table 1) . While these knees are all based on passive mechanical or fluidic control systems, there may be differences in function that confound results in the baseline phase of the study. The decision to assess participants with their existing components is common in prosthetics research and is reflective of clinical practice [55] .
As noted previously, participants were provided training to use the adaptive and active knees as part of the study procedures. However, training was not provided to participants in the baseline phase of the study (i.e., while they wore the passive knee). Presumably, participants were trained to use their prostheses by their own prosthetists and/or physical therapists prior to the study. Gait training is part of the standard of care provided to most prosthetic users [105] . However, the type and extent of training may have varied among participants. In order to minimize this source of variation, participants were screened by a prosthetist prior to inclusion in the study to ensure they were capable ambulators and could complete all study procedures.
Here, a suite of clinically relevant instruments was used to study participant outcomes. Several outcome measures (e.g., TUG, PEQ-MS) included in this study are standardized instruments with evidence of reliability and/ or validity with persons with lower-limb loss. Others were adapted from existing instruments (e.g., TRT, TST) or developed exclusively for this study (e.g., OC). Thus, psychometric properties of these instruments (e.g., reliability, validity, responsiveness) may be unknown. Although many outcome measures in lower-limb prosthetics lack desirable psychometric evidence, use of those with limited evidence is recommended in prosthetics research in the absence of better alternatives [58] . The investigators hoped that including a range of physical performance and self-report outcomes would allow for a comprehensive and fair assessment of the knees under study.
Although attempts were made to blind study participants and the investigator performing the analyses to the interventions under study, the prosthetist who administered the physical performance measures to participants was aware of the interventions. Thus, there exists the potential for implicit bias in results from physical performance tests. Blinding or masking the instrument administrator was deemed impractical as the active knee could be identified by an observer when masked (i.e., the knee's motor is clearly audible from a short distance). To mitigate concerns of investigator bias, we required all investigators to report that they had no personal or financial conflicts of interest with the studied interventions or results.
Although small samples may limit generalizability of the study findings, small samples are common in rehabilitation research [106] . This is especially true in studies related to advanced prosthetic components in which the cost of purchasing components for large numbers of participants can be prohibitive. Experimental studies that include providing microprocessor-controlled prosthetic knees to participants, for example, have typically included fewer than 10 subjects [37] . Here, the investigators attempted to maximize data that could be collected from a relatively small sample of participants. Features of the study design included repeated measures, randomization of intervention assignment, crossover, and repetition to obtain as much data as possible from participants over the study period. The robust statistical analysis further allowed us to use all available data to examine differences between the studied prosthetic knee systems.
Of the 12 participants who were recruited, 10 (83%) completed a substantial portion of the study (i.e., the intervention phase that included the knee with adaptive control), but only 3 (25%) completed the study per protocol (i.e., both interventions and all data collection sessions). Reasons for not completing the full protocol or for withdrawing from the study were most often attributed to participants' difficulties adapting to the motorized knee. Despite the training provided, most participants were unable to fully utilize all motorized knee functions, as evidenced by the diminished performance across study outcomes (e.g., stair ascent/descent in the TST). Participants' opinions of the knees were also reflected in their choice to keep the knee with adaptive control in their prosthesis over the motorized (or passive) knee after the study was completed.
The limited number of participants who elected to complete the intervention phase while wearing the knee with the active control system also resulted in an unbalanced study design. Although an unbalanced design may lead to biased or unstable estimates [91] , a post hoc comparison of differences in raw means from separate univariate models (data not presented) indicated that the mixed-effects model led to slightly more conservative estimates of the difference between knee conditions. The mixed-effects approach used here was therefore deemed most appropriate, given the limitations of the available data.
Lastly, outcomes measured in this study were obtained from two specific versions of the Össur Rheo Knee II and Power Knee II. To maintain experimental control, knees were not updated or modified as new versions or firmware became available. For example, a new version of the Rheo Knee (i.e., Rheo Knee III) and an updated firmware for the Power Knee II were made available by the manufacturer during the study period, but those updates were not applied. Thus, findings reported here may not generalize to newer versions of these knees or to other models of knees that include adaptive or active control systems. Initial evidence suggests that use of the Rheo Knee III may improve mobility, walking distance, perceived effort, and perceived quality of life compared with other knees with adaptive and passive control [107] [108] . Additional research is needed to determine whether the technological changes inherent in the Rheo III affect the long-term outcomes studied here.
CONCLUSIONS
The findings of this study indicate that advanced prosthetic knee technologies, such as those based on adaptive and active control systems, differentially affect middle-aged and older prosthetic users compared with knees with passive control systems. Adaptive knee control, as implemented in the Össur Rheo Knee II, significantly improved users' mobility at self-selected walking speed and perceived function in daily activities, but limited the speed with which they ascend and descend ramps. That the knee with adaptive control was ultimately selected by all users who experienced the studied knee technologies suggests that walking speed or perceived function were important factors in their choice or that outcomes that showed nonsignificant improvements (e.g., fast walking speeds, stair ascent/descent, or step activity) may be perceptible. Together, these data indicate that prosthetic knees with adaptive control may be a functional and desirable intervention for middle-age or older TFA prosthetic users. Active knee control, as found the Össur Power Knee II, significantly limited users laboratorybased mobility and overall daily activity. Users' longdistance walking ability and perceived mobility, function, and health were comparable between knees with active and passive control. However, generally poor outcomes and high attrition of subjects in the active knee condition suggest that active knee control, as it is implemented in the Power Knee II, may not be ideal for middle-age or older persons with TFA. Iceland) . The investigators were responsible for the design, collection, analysis, and interpretation of data; authorship of the manuscript; and decision to submit the manuscript for publication. The study sponsor had no role in study activities. The sponsor was provided a summary of study results and copies of manuscripts submitted for publication. Funding/Support: This material was based on work supported by an institutional research grant from Össur hf (grant A62089). Additional Contributions: The authors gratefully acknowledge Matthew Manges, DPT, and Goeran Fiedler, PhD, for assistance with data collection and preliminary analyses. The authors also thank Alyssa Bamer and Dagmar Amtmann for assistance with developing the custom physical function short form and scoring guide. The authors also acknowledge Össur hf for donation of the prosthetic components used in this study. Institutional Review: A University of Washington Institutional Review Board approved all study procedures. Participant Follow-Up: The authors do not intend to notify individual participants about this publication because the permissible period to contact participants has expired.
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